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(54) Apparatus and method for controlling vehicle behavior 



(57) A target yaw rate setting unit of a control char- 
acteristics changing unit computes a first target yaw rate 
based on the radius of curvature of a curve. A target yaw 
rate setting unit of a braking force control unit computes 
a second target yaw rate based on driving conditions. 
When a cornering decision unit decides a turning inten- 



tion, if the absolute value of the first target yaw rate is 
larger than the absolute value of the second target yaw 
rate, the second target yaw rate is corrected with the 
first target yaw rate, and the corrected second target 
yaw rate is outputted to a target yaw rate changing unit. 
A braking force control unit controls the braking force 
with the second target yaw rate corrected. 
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Description 

[0001] The present invention relates to a vehicle be- 
havior control apparatus and a method thereof for ap- 
plying a braking force to a predetermined brake wheel 5 
on the basis of a set target yaw rate or for establishing 
a yaw moment in a vehicle by making a driving force 
distribution variable between left and right wheels. 
[0002] In recent years, there have been developed/ 
practiced a variety of vehicle behavior control apparatus 
for improving a vehicle behavior and the running per- 
formance of a vehicle. In Japanese Patent Unexamined 
Publication No. Hei. 2-70561. for example, there is dis- 
closed a braking force control apparatus which keeps a 
stability of the vehicle by comparing an actual yaw rate is 
and a target yaw rate to control the braking force on the 
vehicle in accordance with the comparison result. In 
Japanese Patent Unexamined Publication No. Hei. 
5-58180, there is disclosed a left/right driving force dis- 
tribution control apparatus in which the target yaw rate 20 
is computed on the basis of the vehicle motion (njnning) 
state, and a control signal for distributing the left and 
right torques Is outputted to a driving force transmission 
line while making a feedback to bring the actual yaw rate 
close to the target yaw rate, thereby the driving force 25 
distribution of an engine to the right and left side driving 
force transmission lines is adjusted so that the vehicle 
may be turned while moving according to the target yaw 
rate, 

[0003] As the road surface friction coefficient \i drops 30 
or as a vehicle speed rises, however, response of the 
vehicle drops, thereby a driver frequently fails to re- 
spond sufFiciently although required eariier control. In 
the prior art, this failure(retard) in the response may not 
be sufficed only If the vehicle faithfully (promptly) corre- 35 
sponds to a steering operation by the driver. Specifically, 
the yaw rate feedback to the target yaw rate in the prior 
art. which is determined by the vehicle moving state, 
such as the steering operation of the driver or the vehicle 
speed, may frequently fail to respond sufficiently to ac- <o 
tual road conditions. 

[0004] It is an object to provide a vehicle behavior con- 
trol apparatus and a vehicle behavior control method ca- 
pable of preventing deviations from lanes or roads due 
to an improper operation of a driver without any unnat- 
ural feeling, while reflecting intentions of a driver to the 
maximum. 

[0005] The above-mentioned object can be achieved 
by the vehicle behavior control apparatus, according to 
a first aspect of the invention, comprising: so 

a road shape recognizing unit for recognizing the 
road shape ahead of a vehicle; 
a first target yaw rate setting unit for setting a first 
target yaw rate on the basis of the road shape; S5 
a second target yaw rate setting unit for setting a 
second target yaw rate on the basis of driving con- 
ditions of the vehicle; 



a target yaw rate correcting unit for correcting the 
second target yaw rate on the basis of the first target 
yaw rate; and 

a braking force setting unit for applying a braking 
force to a selected wheel so that an actual yaw rate 
converges Into the second target yaw rate corrected 
by the target yaw rate correcting unit. 

[0006] The above-mentioned object can be ^also 
achieved by a vehicle behavior control apparatus, ac- 
cording to a second aspect of the invention, comprising: 

a road shape recognizing unit for recognizing the 
road shape ahead of a vehicle; 
a first target yaw rate setting unit for setting a first 
target yaw rate on the basis of the road shape; 
a second target yaw rate setting unit for setting a 
second target yaw rate on the basis of driving con- . 
ditions of the vehicle; 

a tuming decision unit for deciding a tuming inten- 
tion if a steering angle exceeds a presetted value; 
a target yaw rate correcting unit for correcting the 
second target yaw rate gradually toward the first tar- 
get yaw rate if the turning decision unit decides the 
tuming intention; and 

a braking force setting unit for applying a braking 
force to a selected wheel so that an actual yaw rate 
converges into the second target yaw rate corrected 
by the target yaw rate correcting unit. 

[0007] Further, the above-mentioned object can be 
achieved by a vehicle behavior control apparatus, ac- 
cording to a third aspect of the Invention, comprising: 

a road shape recognizing unit for recognizing the 
road shape ahead of a vehicle; 
a first target yaw rate setting unit for setting a first 
target yaw rate on the basis of the road shape; 
a second target yaw rate setting unit for setting a 
second target yaw rate on the basis of driving con- 
ditions of the vehicle; 

a target yaw rate correcting unit for correcting the 
second target yaw rate on the basis of the first target 
yaw rate; and 

a driving force distribution unit for setting the driving 
force distribution to left and right wheels so that an 
actual yaw rate converges into the second target 
yaw rate corrected by the target yaw rate correcting 
unit. 

[0008] Furthermore, the above-mentioned object^an 
be achieved by a vehicle behavior control apparatus, ac- 
cording to a fourth aspect of the invention, comprising: 

a road shape recognizing unit for recognizing the 
road shape ahead of a vehicle; 
a first target yaw rate setting unit for setting a first 
target yaw rate on the basis of the road shape; 
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a second target yaw rate setting unit for setting a 
second target yaw rate on the basis of driving con- 
ditions of the vehicle; 

a turning decision unit for deciding a turning inten- 
tion if a steering angle exceeds a presetted value; 5 
a target yaw rate correcting unit for correcting the 
second target yaw rate gradually toward the first tar- 
get yaw rate if the turning decision unit decides the 
turning intention; and 

a driving force distribution unit for setting the driving io 
force distribution to left and right wheels so that an 
actual yaw rate converges into the second target 
yaw rate corrected by the target yaw rate correcting 
unit. 

15 

[0009] The above-mentioned vehicle behavior control 
apparatus according to any of from the first aspect to 
fourth aspect, preferably further comprises: 

a target lateral acceleration setting unit for setting 20 
a target lateral acceleration on the basis of either 
the second target yaw rate corrected by the target 
yaw rate correcting unit or the actual yaw rate; and 
a deceleration control unit for making a deceleration 
control if the actual lateral acceleration is below the 25 
target lateral acceleration. 

[0010] According to the vehicle behavior control ap- 
paratus of the first aspect of the invention, the road 
shape recognizing unit recognizes the road shape 30 
ahead of the vehicle, and the first target yaw rate setting 
unit sets the first target yaw rate on the basis of the road 
shape whereas the second target yaw rate setting unit 
sets the second target yaw rate on the basis of the driv- 
ing conditions of the vehicle. Moreover, the target yaw 35 
rate correcting unit corrects the second target yaw rate 
on the basis of the fiirst target yaw rate, and braking force 
setting unit applies the braking force to the selected 
wheel so that the actual yaw rate converges into the sec- 
ond target yaw rate corrected by the target yaw rate cor- 40 
recting unit. Thus, the second target yaw rate reflecting 
the intention of the driver is corrected with the first target 
yaw. rate reflecting the actual road shape, and the brak- 
ing force is controlled at the corrected target yaw rate. 
Therefore, it is possible to prevent the deviation from the 45 
lane or the road due to an improper operation of the driv- 
er without any unnatural feeling, while reflecting the in- 
tention of the driver to the maximum. 
[0011] According to the vehicle behavior control ap- 
paratus of the second aspect of the invention, the road so 
shape recognizing unit recognizes the road shape 
ahead of the vehicle, and the first target yaw rate setting 
unit sets the first target yaw rate on the basis of the road 
shape whereas the second target yaw rate setting unit 
sets the second target yaw rate on the basis of the driv- 55 
ing conditions of the vehicle. Further, the turning deci- 
sion unit decides the turning intention if the steering an- 
gle exceeds the presetted value. Moreover, the target 



yaw rate correcting unit corrects the second target yaw 
rate gradually toward the first target yaw rate if the turn- 
ing decision unit decides the turning intention, and the 
braking force setting unit applies the braking force to the 
selected wheel so that the actual yaw rate converges 
Into the second target yaw rate corrected by the target 
yaw rate correcting unit. Thus, the second target yaw 
rate reflecting the intention of the driver is corrected with 
the first target yaw rate reflecting the actual road shape, 
and the braking force is controlled at the corrected sec- 
ond target yaw rate. Therefore, it is possible to prevent 
the deviation from the lane or the road due to an improp- 
er operation of the driver without any unnatural feeling, 
while reflecting the intention of the driver to the maxi- 
mum. 

[0012] According to the vehicle behavior control ap- 
paratus of the third aspect of the invention, the road 
shape recognizing unit recognizes the road shape 
ahead of the vehicle, and thie first target yaw rate setting 
unit sets the first target yaw rate on the basis of the road 
shape whereas the second target yaw rate setting unit 
sets the second target yaw rate on the basis of the driv- 
ing conditions of the vehicle. Moreover, the target yaw 
rate correctirig unit corrects the second target yaw rate 
on the basis of the first target yaw rate, and the driving 
force distribution unit sets the driving force distribution 
to left and right wheels so that the actual yaw rate con- 
verges into the second target yaw rate corrected by the 
target yaw rate correcting unit. Thus, the second target 
yaw rate reflecting the intention of the driver is corrected 
with the first target yaw rate reflecting the actual road 
shape, and the braking force Is controlled at the correct- 
ed second target yaw rate. Therefore, it is possible to 
prevent the deviation from the lane or the road due to 
an improper operation of the driver without any unnatu- 
ral feeling, while reflecting the intention of the driver to 
the maximum. 

[0013] According to the vehicle behavior control ap- 
paratus of the fourth aspect of the invention, the road 
shape recognizing unit recognizes the road shape 
ahead of the vehicle, and the first target yaw rate setting 
unit sets the first target yaw rate on the basis of the road 
shape whereas the second target yaw rate setting unit 
for setting the second target yaw rate on the basis of the 
driving conditions of the vehicle. Further, the turning de- 
cision unit decides the turning intention if the steering 
angle exceeds a presetted value. Moreover, the target 
yaw rate correcting unit corrects the second target yaw 
rate gradually toward the first target yaw rate if the turn- 
ing decision unit decides the turning intention, and the 
driving force distribution unit sets the driving force dis- 
tribution to left and right wheels so that the actual yaw 
rate converges Into the^econd target yaw rate corrected 
by the target yaw rate correcting unit. Thus, the second 
target yaw rate reflecting the intention of the driver is 
corrected with the first target yaw rate reflecting the ac- 
tual road shape, and the braking force is controlled at 
the corrected second target yaw rate. Therefore, it is 



3 



5 



EP1 197 410 A2 



6 



possible to prevent the deviation from the lane or the 
road due to an improper operation of the driver without 
any unnatural feeling, while reflecting the intention of the 
driver to the nnaximum. 

[0014] According to the vehicle behavior control ap- 5 
paratus of any of from the first aspect to the fourth aspect 
of the invention, the target lateral acceleration setting 
unit sets the target lateral acceleration on the basis of 
either the second target yaw rate corrected by the target 
yaw rate correcting unit or the actual yaw rate, and the io 
deceleration control unit makes the deceleration control 
if the actual lateral acceleration Is below the target lat- 
eral acceleration. In addition to the effects thereof from 
the first aspect to the fourth aspect of the invention, it is 
possible to. prevent the deviation from the lane or road is 
due to the improper operation of the driver, more reliably. 
[001 5] The embodiments of the present invention will 
be described with reference to the accompanying draw- 
ings. 

20 

Rg. 1 is a schematic diagram for explaining a vehi- 
cle behavior control apparatus In a vehicle accord- 
ing to a first embodiment of the present invention; 
Fig. 2 is a functional block diagramof the vehicle be- 
havior control apparatus; 25 
Rg. 3 is a diagram for explaining how to determine 
the radius of curvature of a curve; 
Rg. 4 is a diagram for explaining braking wheel se- 
lections in braking force controls; 
Rg. 5 is a flow chart of a control characteristics 30 
changing routinie: 

Rg. 6 is a schematic diagram for explaining the ve- 
hicle behavior control apparatus according to a sec- 
ond embodiment of the present invention; 
Rg. 7 is the functional block diagram of the vehicle 35 
behavior control apparatus; and 
Rg. 8 is the flow chart of the control characteristics 
changing routine. 

[0016] Rgs. 1 to 5 show a first embodiment of the in- 
vention. Fig. 1 is a schematic diagram for explaining a 
vehicle behavior control apparatus in a vehicle as a 
whole. Fig. 2 is a functional block diagram of the vehicle 
behavior control apparatus. Fig. 3 is a diagram for ex- 
plaining how to determine a radius of curvature of a 
curve. Rg. 4 is a diagram for explaining braking wheel 
selections in braking force controls. Fig. 5 is a flow chart 
of a control characteristic changing routine. Here in the 
first Embodiment, the present invention is applied to the 
vehicle which is provided with a braking force control so 
unit for improving a running stability by applying a brak- 
ing force to respective wheels during cornering. 
[0017] In Fig. 1, reference numeral 1 designates the 
vehicle, and numeral 2 designates an engine, which is 
arranged in the front portion of the vehicle. Driving force 55 
from the engine 2 is transmitted from an automatic trans- 
mission 3 (including a torque converter, as shown) at 
the back of the engine 2 through a transmission output 



shaft 3a to a center differential unit 4. Then, at the center 
differential unit 4, the driving force is distributed at a pre- 
determined torque distribution ratio to the front and rear 
wheels ISA. 15fr. 15fl, 15rr. 

[0018] The driving force thus distributed from the 
center differential unit 4 to the rear wheels 15ri, 1 5rr is 
inputted to a rear wheel final reduction unit 8 through a 
rear drive shaft 5, a propeller shaft 6 and a drive pinion 7. 
[0019] On the other hand, the driving force thus dis- 
tributed from the center differential unit 4 to the front 
wheels 15f1. 1 5 fr is inputted to a front differential unit 1 2 
through a transfer drive gear 9, a transfer driven gear 
10 and a front drive shaft 11. Here, integrally mounted 
in a case 13 are the automatic transmission 3, the center 
differentia! unit 4, and the front differential unit 12, 
[0020] The driving force inputted to the rear wheel fi- 
nal reduction unit 8 is transmitted to a left rear wheel 
15ri through a rear wheel left drive shaft 14ri, and to a 
right rear wheel 15rr through a rear wheel right drive 
shaft 14rr. On the other hand, the driving force inputted 
to the front differential unit 12 is transmitted to a left front 
wheel 1 5fl through a front wheel left drive shaft 14fl, and 
to a right front wheej ISfir through a front wheel right 
drive shaft 14fr. 

[0021] In the back of the case 13, there is disposed 
the center differential unit 4. A carrier 16 is rotatably 
housed in the center differential unit 4. The transmission 
output shaft 3a is rotatably inserted from the front of the 
carrier 1 6 into the center differential unit 4. The rear drive 
shaft 5 is rotatably inserted from the back of the carrier 
1 6 Into the center differential unit 4. 
[0022] A first sun gear 17 having a larger diameter is 
fixed on the rear end portion of the transmission output 
shaff 3a on the input side . A second sun gear 18 having 
a smaller diameter is fixed on the front end portion of 
the rear drive shaft 5 for the output to the rear wheels 
1 Sri. 1 5rr. The first sun gear 1 7 and the second sun gear 

18 are housed in the carrier 16. 

[0023] The first sun gear 17 meshes with a first pinion 

19 of a smaller diameter to form a first gear train. The 
second sun gear 18 meshes with a second pinion 20 
(larger diameter side) to form a second gear train. The 
first pinion 19 and the second pinion 20 are integrated 
to provide a plurality of pairs (e.g., three pairs) of pinions 
which are rotatably borne on the carrier 16. To the front 
end of this carrier 16, there is connected the transfer 
drive gear 9 so that the output power is transmitted from 
the carrier 16 to the front wheels 16fl. 15fr. 

[0024] In other words, the center differential unit 4 is 
included in such a complex planetary gear type without 
a ring gear that the driving force from the transmission 
output shaft 3a is transmitted to the first sun gear 17 and 
then is outputted to the rear drive shaft 5 through the 
second sun gear 1 8, and the driving force from the trans- 
mission output shaft 3a is also transmitted from the car- 
rier 16 to the front drive shaft 11 through the transfer 
drive gear 9 and the transfer driven gear 10. 
[0025] Moreover, the center differential unit 4 of the 
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complex planetary gear type is given a differential func- 
tion by setting proper tooth numbers of the first and sec- 
ond sun gears 17 and 18 and the first and second pin- 
ions 19 and 20 arranged around the first second sun 
gears 17 and 18. 5 
[0026] Further, the reference torque distribution can 
be setted to a desired distribution (e.g., a larger torque 
distribution to the rear wheels 16rl, 15rr) by setting the 
proper meshing pitch circle diameters of the first and 
second sun gears 17 and 18 and thiB first and second 
pinions 19 and 20. 

[0027] The first and second sun gears 17 and 18 and 
the first and second pinions 19 and 20 are exemplified 
by helical gears to make different the helix angles of the 
first gear train and the second gear train so that the fs 
thmst is left without offsetting the thrust thereby to es- 
tablish a frictional torque between the pinion end faces. 
The center differential unit 4 has the differential limiting 
function by causing the resultant force of the separation 
and the tangential load from meshing relations to act on 20 
the first and second pinions 19 and 20 and the surface 
of the stem of the carrier for pivoting the first and second 
pinions 19 and 20, thereby to establish differential lim- 
iting torque function which is proportional to the input 
torque. 25 
[0028] Between the carrier 1 6 and the rear drive shaft 
5 of the center differential unit 4, there is interposed a 
transfer clutch 21 which adopts the hydraulic multi-disc 
clutch for making the driving force distribution between 
the front and rear wheels 15fl, 15fr, 15ri, 15rr variable. 30 
By controlling the applying force of the transfer clutch 
21, the torque distribution between the front and rear 
wheels 15fi, 15fir, 15ri, 15rr can be variably controlled 
within a range from that of the direct connection of 50 : 
50 for the 4WD to that of the center differential unit 4. 35 
[0029] Numeral 25 designates a brake drive unit of the 
vehicle 1. The master cylinder (not shown) connected 
to a brake pedal operated by the driver .is connected to 
the brake drive unit 25. As the driver operates the brake 
pedal, a brake pressure is introduced by the master cyl- 40 
inder through the brake drive unit 25 to the individual 
wheel cylinders (i.e., a left front-wheel wheel cylinder 
26fl, a right front-wheel wheel cylinder 26fr, a left rear- 
wheel wheel cylinder 26ri and a right rear-wheel wheel' 
cylinder 26rr) of the four wheels 1 5fl, 1 5fr, 1 5ri and 1 5rr 45 
so that the four wheels are braked. 
[0030] The brake drive unit 25 is a hydraulic unit which 
is equipped with a pressure source, a debooster valve, 
a booster valve and so on. The brake drive unit 25 can . 
not only effect the aforementioned brake operations by so 
the driver but also introduce the brake pressure freely 
to the individual wheel cylinders 26fl, 26fr, 26ri and 26rr 
independently in response to an input signal from a lat- 
er-described braking force control unit 40. 
[0031] The vehicle 1 is provided with a control char- 55 
acteristics changing unit 50. The control characteristics 
changing unit 50 can correct, if necessary, either a target 
yaw rate (or a first target yaw rate) computed by the 



braking force control unit 40 or a target deceleration set 
by the braking force control unit 40. 
[0032] The vehicle 1 is also provided with individual 
sensors for detecting input parameters, as required for 
the braking force control unit 40 and the control charac- 
teristics changing unit 50. Specifically, the wheel speeds 
of the Individual wheels 15fl, 15fr, 15rl and 15rr are de- 
tected by wheel speed sensors 31fl, 31fr, 31ri and 31nr, 
and a steering angle OH is detected by a steering angle 
sensor 32. The detected values are inputted to the brak- 
ing force control unit 40 and the control characteristics 
changing unit 50. An actual yaw rate y is detected by a 
yaw rate sensor 33 and is inputted to the braking force 
control unit 40. An actual lateral acceleration Gy is de- 
tected by a lateral acceleration sensor 34, and a road 
shape (e.g., a radius Rn of curvature of a front curve) in 
front of the vehicle 1 is detected by a road shape recog- 
nizing unit 35. These detected values are inputted to the 
control characteristics changing unit 50. 
[0033] Here, the road shape recognizing unit 35 is 
provided as road shape recognizing means for deter- 
mining the curve radius Rn of the road on the basis of 
the point data of the road, as inputted from a navigation 
device, e.g., the technique disclosed by us in Japanese 
Patent Unexamined Publication No. Hei. 11-2528. This 
method will be briefly described in the following. 
[0034] From the point data inputted from the naviga- 
tion device, e.g., three points on the road within the 
range of about 100 meters in front are read sequentially 
(from the vehicle) as a first point Pn-1, a second point 
Pn and a third point Pn+1 , as illustrated in Fig. 3. Here, 
the curve is represented by the point Pn. Therefore, the 
individual data are calculated for the curve of a point PI 
from points PO, PI and P2, for the curve of the point P2 

from the points PI * P2 and P3, , and for the curve of 

the point Pn from the points Pn-1, Pn and Pn+1. 
[0035] In the curve of the point Pn, the distance of the 
straight line Joining the first point Pn-1 and the second 
point Pn is computed on the basis of the positional in- 
formation of the first point Pn-1 and the second point Pn, 
and the distance of the straight line joining the second 
point Pn and the third point Pn-i-l is computed on the 
basis of the second point Pn and the third point Pn-i-1. 
[0036] Then, the straight distance joining the first 
point Pn-1 and the second point Pn and the straight dis- 
tance joining the second point Pn and the third point 
Pn+1 are compared to decide which of them is longer 
or shorter. As a result, on the basis of the individual data 
(including the position and the distance) of the shorter 
straight line, the half distance of the shorter straight dis- 
tance is computed, and the midpoint position on the 
shorter straight line is detemiined. Here, the shorter 
straight line is exemplified by the straight line joining the 
first point Pn-1 and the second point Pn, and the mid- 
point is expressed by Pn-1 ,n. 

[0037] From the individual data (including the position 
and the distance) of the longer straight line and the data 
of the half distance of the shorter straight distance, on 
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the other hand, a midpoint equidistance point is deter- 
mined at the position at a half distance of the shorter 
straight distance on the longer straight line from the sec- 
ond point. Here, the longer straight line is exemplified 
by the straight line joining the second point Pn arid the 
third point Pn+1, and the midpoint equidistance point is 
expressed by Pn,n+1. 

[0038] On the basis of the positional data of the mid- 
point Pn-1, n and the positional data of the midpoint 
equidistance point Pn, n+1, moreover, the point of inter- 
section between a straight line perpendicular at the mid- 
point Pn-1,n to the shorter straight line (as expressed 
by Pn-1 Pn) and a straight line perpendicular at the mid- 
point equidistance point Pn, n+1 to the longer straight 
line (as expressed by Pn Pn+1) is determined as a cent- 
er position. One of the curves on the road being traveled, 
so that the curve radius Rn is computed on the basis of 
that curve center position. The curve radius Rn thus 
computed is further corrected with the road width infor- 
mation and is inputted to the control characteristics 
changing unit 50. 

[0039] Next, the structures of the braking force control 
unit 40 and the control characteristics changing unit 50 
will be described with reference to the functional block 
diagram of Fig. 2. 

[0040] The braking force control unit 40 mainly in- 
cludes a target yaw rate setting unit 4 1 , a target yaw rate 
changing unit 42, a yaw rate deviation computing unit 
43, a target yaw moment setting unit 44, a brake wheel 
selecting unit 45, a target slip ratio setting unit 46 and a 
wheel speed control unit 47. The control characteristics 
changing unit 50 niainly includes a cornering decision 
unit 51, a target yaw rate setting unit 52, a target yaw 
rate change designating unit 53 and a target decelera- 
tion setting unit 54. 

[0041] In the target yaw rate setting unit41 ofthe brak- 
ing force control unit 40, the steering angle OH is input- 
ted from the steering angle sensor 32. and the wheel 
speeds of the four wheels 15fl, 15fr, 15rl. 15rr are input- 
ted from the four-wheel wheel speed sensors 31f!, 31fr, 
31 ri and 31 rr. Then, the target yaw rate setting unit 41 
computes a target yaw rate 7t on the basis of those driv- 
ing conditions and outputs signals ofthe target yaw rate 
7t to the target yaw rate changing unit 42 and the target 
yaw rate change designating unit 53 ofthe control char- 
acteristics changing unit 50. In short, the target yaw rate 
7t is determined as a second target yaw rate, and the 
target yaw rate setting unit 41 is provided as second tar- 
get yaw rate setting unit. 

[0042] Here, the second target yaw rate yt is comput- 
ed, for example, by the following Formula (1): 

7 1 = (1/(1+A*V^)) • (V/L) • (GH/n) (1) 

wherein: A designates a stability factor indicating 
the steering characteristics intrinsic to the vehicle; Vdes- 



ignates a vehicle speed (e.g., an average of the four- 
wheel vehicle speeds) ; L designates a wheel base; and 
n designates a steering gear ratio. 
[0043] In the target yaw rate changing unit 42, the sec- 

5 end target yaw rate yi is inputted from the target yaw 
rate setting unit 41 , and a second target yaw rate yV cor- 
rected is inputted, if necessary, from the target yaw rate 
change designating unit 53 ofthe control characteristics 
changing unit 50. When the corrected second target yaw 

10 rate 7t' is inputted from the target yaw rate change des- 
ignating unit 53, it is changed (or used), as the second 
target yaw rate ^t to be used for the braking force control 
and is outputted to the yaw rate deviation computing unit 
43. 

15 [0044] In the yaw rate deviation computing unit 43, the 
actual yaw rate y is inputted from the yaw rate sensor 
33. and the second target yaw rate 7t is inputted from 
the target yaw rate changing unit 42. The yaw rate de- 
viation computing unit 43 computes a yaw rate deviation 

20 A yfrom the following Formula (2) and outputs it to the 
target yaw moment setting unit 44: 

Ay = Y-yt (2) 

25 

[0045] In the target yaw moment setting unit 44. the 
yaw rate deviation A y is inputted. from the yaw rate de- 
viation computing unit 43. The target yawmoment set- 
ting unit 44 computes a target yaw moment Mz(t) from 
30 the following Formula (3) and outputs the target yaw mo- 
ment Mz(t) signals to the brake wheel selecting unit 45 
and the target slip ratio setting unit 46: 

35 Mz(t)-k3-AY (3) 

wherein k3 designates a control gain. . 
[0046] The brake wheel selecting unit 45 decides the 
turning direction ofthe vehicle in terms ofthe actual yaw 
40 rate y from the yaw rate sensor 33. Then, the selecting 
unit 45 selects the turning inner rear wheel as the brake 
force applying wheel, to which the braking force is ap- 
plied, when the target yaw moment Mz(t) calculated by 
the target yaw moment setting unit 44 is in the same 
45 direction as the turning direction. When the target yaw 
moment Mz(t) is in the opposite direction to the turning 
direction, the selecting unit 45 selects the turning outer 
front wheel as tiie wheel, to which the braking force is 
applied. These combinations in the brake wheel select- 
so ing unit 45 are set as follows. Here, both the actual yaw 
rate y and the target yaw moment Mz(t) are signed by 
in the leftward turning direction and by"-" in the right- 
ward tuming direction. In order to decide the straight 
running state of the vehicle, letter £ is set as the positive 
55 value which is determined about zero in advance by ex- 
periments or computations. In order to decide that the 
target yaw moment Mz(t) is about zero at tlie tuming 
time, the value e Mz is set to the positive value of about 



11 



EP 1 197 410 A2 



12 



zero determined in advance by experiments or compu- 
tations. 

(Case 1): y > e and M2(t) > e Mz. and 

leftward turning in understeer 
left rear wheel braked; 

(Case 2): y > e and Mz(t) < ^ e Mz. and 

leftward tuming in oversteer 
right front wheel braked; 

(Case 3): y < e and Mz(t) > e Mz, and 

rightward tuming In oversteer 
left front wheel braked; 

(Case 4): y < e and Mz(t) < - e Mz. and 

rightward tuming in understeer 
right rear wheel braked; and 

(Case 5) : generally straight run with | y | ^ e, 
or tuming with | Mz(t) | ^ £ Mz, 
no braking with no brake wheel se- 
lected (Fig, 4). 

[0047] In the target slip ratio setting unit 46. the selec- 
tion result of the brake wheel is inputted from the brake 
wheel selecting unit 45, and the target yaw moment Mz 
(t) is inputted from the target yaw moment setting unit 
44. Further, a target deceleration Gxt is inputted in the 
target slip ratio setting unit 46. if necessary, from the tar- 
get deceleration setting unit 54 of the control character- 
istics changing unit 50. 

[0048] A target slip ratio Xt is computed by the follow- 
ing Formula (4) and is outputted to the vehicle speed 
control unit 47: 

Xt = Ft/Kb (4) 

wherein: Kb designate a braking stiffness, as ob- 
tained from the relations of the braking force to the slip 
ratio of the tire; and Ft designates a target braking force. 
The target braking force Ft is computed by the following 
Formula (5) for a tread d: ' 

Ft = Mz(t)/(d/2) (5) 

[0049] When the target deceleration Gxt Is Inputted 
from the target deceleration setting unit 54 of the control 
characteristics changing unit 50, the target slip ratio set- 
ting unit 46 corrects the target slip ratio XX, as expressed 
by the following formulas (10) and (11 ) by using the tar- 
get deceleration Gxt. and outputs the signals of the tar- 
get deceleration Gxt to the wheel speed control unit 47: 

Target Braking Force Ftf of Front Wheel 



= (1/2) Cbf m-Gxt (6) 



Target Braking Force Ftr of Rear Wheel 

= (1/2) • (1-Cbf) • m • Gxt (7) 

wherein Cbf designates a front/rear braking force 
10 distribution ratio (0 to 1). and m designates a vehicle 
mass. 

Target Slip Ratio Correction A Xf of Front Wheel 

=Ftf/Kb (8) 



Target Slip Ratio Correction A Xt of Rear Wheel 

= Ftr/Kb (9) 

Con-ected Front Wheel Target Slip Ratio X tf 

=Xt + AXf (10) 

Corrected Rear Wheel Target Slip Ratio X fr* 

=Xt + AXr (11) 

[0050] In the wheel speed control unit 47. the wheel 
speeds of the four wheels 15fl, 15fr. 15r1. 15rr are input- 

35 ted from the four-wheel wheel speed sensors 3 1 fl . 3 1 fr, 
31ri and 31 rr, and either the target slip ratio Xt of the 
selected brake wheel or the corrected target slip ratios 
Xtf and Xtf of the front and rear wheels 15fl, 15fr. 15rl. 
1 5rr are inputted from the target slip ratio setting unit 46. 

40 The wheel speed control unit 47 converts the braking 
force, as necessary for achieving those target slip ratios, 
and outputs thereof to the brake drive unit 25. 
[0051] In the control characteristics changing unit 50, 
the cornering decision unit 51 receives the steering an- 

45 gle OH from the steering angle sensor 32 and decides 
whether or not the steering angle OH Is more than a pre- 
setted value OHc. The setted value OHc is a value for 
deciding whether or not the driver has a will for corner- 
ing. When the steering angle GH is equal to or more than 

50 the set value GHc, it is decided that the driver has the 
cornering will. When the steering angle OH is smaller 
than the set value GHc. it is decided that the driver has 
no cornering will. The decision result is outputted to the 
target yaw rate change designating unit 53. In short, the 

55 cornering decision unit 51 is provided as a tuming deci- 
sion unit. 

[0052] In the target yaw rate setting unit 52, the wheel 
speeds ofthe four wheels 15fl, 15fr, 15ri. 15rr areinput- 
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ted from the four-wheel wheel speed sensors Sifl, 31fr. 
Sirl and 31rr, and the curve radius Rn is inputted from 
the road shape recognizing unit 35. The target yaw rate 
setting unit 52 computes a target yaw rate 7c by the fol- 
lowing Formula (12) and outputs thereof to the target 
yaw rate change designating unit 53. In other words, the 
target yaw rate 7c Is determined as the first target yaw 
rate, and the target yaw rate setting unit 52 is provided 
first target yaw rate setting unit. 

7C = V/Rn (12) 

[0053] In the target yaw rate change designating unit 
53. the result (in terms of a flag, for example) of the cor- 
nering decision is inputted from the cornering decision 
unit 51. the first target yaw rate 70 is inputted from the 
target yaw rate setting unit 52, and the second target 
yaw rate yt is inputted from the target yaw rate setting 
unit 41 of the braking force control unit 40. When It is 20 
decided that the driver has the cornering will, the first 
target yaw rate 7c and the second target yaw rate 7t are 
compared in their absolute values. When the absolute 
value I 7C I of the first target yaw rate 7c is larger than 
the absolute value 1 7t | of the second target yaw rate 7t, 25 
the increasing/decreasing correction is made to bring 
the second target yaw rate 7t closer to the first target 
yaw rate 7c, and the corrected second target yaw rate 
7r is outputted to the target yaw rate changing unit 42 
of the braking force control unit 40. In short, the target 30 
yaw rate change designating unit 53 is provided as a 
target yaw rate correcting unit. 

[0054] Here, the second target yaw rate 71 is corrected 
with the first target yaw rate 7c, as specified by the fol- 
lowing Formula (13): 35 

7t' = K1 • yl + (1-K1) • 7C (13) 

[0055] The constant k1 for weighing the second target 40 
yaw rate 7t determined from the driving conditions of the 
driver and the first target yaw rate y c determined from 
the curve in fi-ont of the vehicle 1 is determined as 0 < 
K 1 < 1 by reflecting the driving operation of the driver. 
At this time, the constant k1 may be gradually setted 45 
from 1 as the correction starts (or may be gradually set 
to the first target yaw rate yc). When the deviation be- 
tween the second target yaw rate 7t and the first target 
yaw rate 7c is smaller than the presetted value, the con- 
stant k1 may be gradually increased to 1, When the In- so 
formation (e.g.. the curve radius Rn) necessary for the 
control cannot be obtained or when the driver makes the 
steering apparently different from the road shape so that 
the deviation between the second target yaw rate 7t and 
the first target yaw rate 7c exceeds a predetermined up- 55 
per limit, the constant k1 may be gradually increased to 
1 so as to prevent any abrupt change in the vehicle be- 
havior. 



[0056] In the target deceleration setting unit 54. the 
wheel speeds of the four wheels 15fl, 15fr, 15rl. 15rrare 
inputted ft'om the four-wheel wheel speed sensors 31fl, 
31fr, 31rl and 31 rr, the actual lateral acceleration Gy is 
inputted fi-om the lateral acceleration sensor 34, and the 
corrected second target yaw rate 7t' is inputted from the 
target yaw rate change designating unit 53. The target 
deceleration setting unit 54 computes a target lateral ac- 
celeration Gyt by the following Formula (14). When the 
actual lateral acceleration Gy is smaller than the com- 
puted target lateral acceleration Gyt, it is decided that a 
sufficient control is not made only by the braking force 
control unit 40. and the target deceleration Gxt is com- 
puted by the following Formula (15) and is outputted to 
the target slip ratio setting unit 46 of the braking force 
control unit 40. 

Gyt = rfV (14) 



Gxt = K2-(|Gyt|.|Gy|) (15) 

wherein k2 is 0 < ic2 ^ 1 and a coefficient for set- 
ting the deceleration according to the shortage of the 
actual lateral accelerationGy. Here, the coefficient ic2 
may be brought closer to 1 or returned to 0 by deciding 
the driver will or by comparing the second target yaw 
rate 7t and the first target yaw rate 7c. On a low friction 
coefficient ft road, for example, the actual lateral accel- 
eration Gy may be extremely smaller than the target de- 
celeration Gxt, but the coefficient k2 is then set smaller 
than 1. The target lateral acceleration Gyt of the formula 
(14) may be computed by using the actual yavy rate 7 : 

Gyt = 7 • V (14)' 

[0057] Thus, the target deceleration setting unit 54 
has functions as target lateral acceleration setting unit 
and deceleration control unit. The braking force setting 
unit has the target yaw rate changing unit 42, the yaw 
rate deviation computing unit 43, the target yaw moment 
setting unit 44, the brake wheel selecting unit 45. the 
target slip ratio setting unit 46 and the wheel speed con- 
trol unit 47 of the braking force control unit 40. 
[0058] Next. Fig. 5 is a flow chart showing a control 
characteristics changing routine to be executed in the 
control characteristics changing unit 50. First of all, at 
Step (as will be abbreviated into"S") 101, the necessary 
parameters are read in, and the routine advances to 
SI 02, at which the first target yaw rate 7c based on the 
cun/e radius Rn is computed in the target yaw rate set- 
ting unit 52 by the Formula (12). 

[0059] Then, the routine advances to SI 03. at which 
it is decided in the comering decision unit 51 whether or 
not the steering angle OH is equal to or larger than the 
presetted value OHc. If the steering angle OH is equal to 
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the set value eHc, It is decided that the driver has the 
cornering will, and the routine advances to S104. If the 
steering angle 0H is smaller than the set value SHc, It Is 
decided that the driver does not have the cornering will, 
and the operations leave the program. 
[0060] If the routine decides the cornering will at S103 
and advances to S104, the routine reads the second tar- 
get yaw rate yt based on the driving conditions comput- 
ed at the target yaw rate setting unit 41 of the braking 
force control unit 40, and advances to S105. 
[0061] At S105, the first target yaw rate 7c and the 
second target yaw rate yt are compared in their absolute 
values. If the absolute value | yc | of the first target yaw 
rate yc is larger than the absolute value | yt | of the sec- 
ond target yaw rate yt. it is decided that the operation 
amount of the driver shorts for turning the actual road 
shape (curve), and the routine advances to SI 06. If the 
absolute value | yc | of the first target yaw rate -yc is no 
more than the absolute value | yt | of the second target 
yaw rate yt, it is decided that the operation amount of 
the driver Is enough, and the routine leaves the program. 
[0062] If the routine decides it at SI 05 that the oper- 
ation of the driver shorts for turning the curve and ad- 
vances to SI 06, the second target yaw rate yt is correct- 
ed by the Formula (13) to increase/decrease to the first 
target yaw rate 7c, and the routine advances to S107, 
at which this corrected second target yaw rate yt* is out- 
putted to the target yaw rate changing unit 42 of the 
braking force control unit 40. In short, the operations of 
SI 04 to SI 07 are done (executed) at the target yaw rate 
designating unit 53. 

[0063] After that, the routine advances to S108, at 
which the target lateral acceleration Gyt is computed by 
the Formula (14) on the basis of the corrected second 
target yaw rate yi\ and the routine further advances to 
SI 09, 

[0064] At SI 09, the absolute value | Gyt | of the target 
lateral acceleration Gyt and the absolute value | Gy | of 
the actual lateral acceleration Gy are compared. If the 
absolute value | Gyt | of the target lateral acceleration 
Gyt is larger than the absolute value | Gy | of the actual 
lateral acceleration Gy. it is decided that a sufficient con- 
trol is not made only by the braking force control unit 40. 
and the routine advances to S1 10. at which the target 
deceleration Gxt is computed by the Formula (15). At 
S1 11 , the target deceleration Gxt is outputted to the tar- 
get slip ratio setting unit 46, and the routine leaves the 
program. If it is decided at SI 09 that the absolute value 
I Gyt I of the target lateral acceleration Gyt is equal to 
or less than the absolute value | Gy | of the actual lateral 
acceleration Gy. on the other hand, the routine leaves 
the program without any further operation. In short, the 
operations of SI 08 to S1 11 are done (executed) at the 
target deceleration setting unit 54. 
[0065] Thus, according to the first embodiment, the 
first target yaw rate 7c based on the curve radius Rn and 
the second target yaw rate yi based on the driving con- 
ditions are compared. If the absolute value | yc | of the 



first target yaw rate yc is larger than the absolute value 
I yt I of the second target yaw rate yt, it is decided that 
the operation of the driver is insufficient, and the control 
is made to approach the first target yaw rate yc. There- 
5 fore, the deviation from the lane or the road due to an 
improper operation of the driver can be prevented with- 
out any unnatural feeling by reflecting the intention of 
the driver to the maximum. 

[0066] At this time, the absolute value | Gyt | of the 
10 target lateral acceleration Gyt and the absolute value | 
Gy I of the actual lateral acceleration Gy are compared. 
If the absolute value | Gyt | of the target lateral acceler- 
ation Gyt is larger than the absolute value | Gy | of the 
actual lateral acceleration Gy, it is decided that a suffi- 
15 cient control is not made only by the braking force con- 
trol unit 40, and the target slip ratio Xt of the braking force 
control unit 40 is corrected. Therefore, it is possible to 
prevent the deviation from the lane or the road due to 
the Improper operation of the driver more reliably. 
20 [0067] Next, Figs. 6 to 8 show a second embodiment 
of the Invention . Fig. 6 is a schematic diagram for ex- 
plaining the vehicle behavior control apparatus in the ve- 
hicle 1 as a whole. Fig. 7 is a functional block diagram 
of the vehicle behavior control apparatus. Fig. 8 is a fiow 
25 chart of a control characteristic changing routine. Here, 
the second embodiment is provided with a left/right driv- 
ing force distribution control unit for controlling the left^ 
right driving force distribution of the rear wheels during 
a comering thereby to improve the running stability. The 
correction of the target yaw rate by the control charac- 
teristics changing unit Is done (performed) on the left/ 
right driving force distribution control unit. Thechange in 
the target deceleration Gxt is done like the foregoing first 
embodiment on the braking force control unit. The por- 
tions similar to those of the first embodiment will not be 
described by designating thereof by the common refer- 
ence numerals. 

[0068] As shown in Fig. 6, the rear wheel final reduc- 
tion unit 8 has a differential function and a power distri- 
bution function between the rear left and right wheels 
15ri, 15rr. The rear wheel final reduction unit 8 Includes: 
a bevel gear type differential mechanism unit 81; a gear 
mechanism unit 82 of three trains of gears; and two sets 
of clutch mechanism units 83 for making variable the 
driving force distribution between the left and right rear 
wheels 15ri. ISrr. The components are integrally housed 
in a differential carrier 84. 

[0069] The drive pinion 7 meshes with a final gear 86 
mounted on an outer circumference (periphery) of a dif- 
ferential case 85 of the differential unit 81 thereby to 
transmit the driving force distributed on the rear wheel 
side from the center differential unit 4. 
[0070] The differential unit 81 has a differentia! pinion 
(or bevel gear) 88 borne rotatably on a pinion shaft 87 
fixed in the differential case 85, and left and right side 
gears (or bevel gears) 89L and 89R meshing with the 
differential pinion 88 In the differential case 85. In the 
differential case 85, the side gears 89L and 89R, respec- 
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tively, are fixed to ends of the rear wheel left and right 
drive shafts 14rl and 14rr. 

[0071] Specifically, the differential unit 81 has the dif- 
ferential case 85 which Is rotated on the common axes 
of the side gears 89L and 89R by the rotation of the drive 5 
pinion 7 thereby to effect the differential rotations be- 
tween the rear left and right wheels 1 5rl, 1 5rr by the gear 
mechanism in the differential case 85. 
[0072] The gear mechanism unit 82 is divided into the 
left and right sides of the differential mechanism unit 81 . 10 
Afirst gear82z1 Is fixed on the rear wheel left drive shaft 
14r1 whereas a second gear 82z2 and a third gear 82z3 
are fixed on the rear wheel right drive shaft 14n-. These 
first, second and third gears 82z1, 82z2 and 82z3 are 
arranged on the common axis of the rotation. 
[0073] The first, second and third gears 82z1, 82z2 
and 82z3 mesh with fourth, fifth and sixth gears 82z4, 
82z5 and 82z6 arranged on the common rotational axis . 
Among which, the fourth gear 82z4 is fixed on the left 
wheel side end portion of a torque bypass shaft 90 which 20 
Is arranged on the rotational axe of the fourth, fifth and 
sixth gears 82z4, 82z5 and 82z6. 
[0074] At the right wheel side end portion of the torque 
bypass shaft 90, there Is fbmned a right side transfer 
clutch 83a of the clutch unit 83 for executing the power 25 
distribution between the rear left and right wheels 15ri, 
15rr. The torque bypass shaft 90 can be freely connect- 
ed through the right side transfer clutch 83a (as the 
torque bypass shaft 90 is located on the clutch hub side 
whereas the stem side of the sixth gear 82z6 is located 30 
on the clutch drum side) to the stem of the sixth gear 
82z6 arranged on the left side of the right side transfer 
clutch 83a. 

[0075] At a position of the torque bypass shaft 90 be- 
tween the differential mechanism unit 81 and the fifth 35 
gear 82z5, moreover, there is disposed a left side trans- 
fer clutch 83b of the clutch unit 83. The torque bypass 
shaft 90 can be freely connected through the left side 
transfer clutch 83b (as the torque bypass shaft 90 is lo- 
cated on the clutch hub side whereas the stem side of 40 
the fifth gear 82z5 is located on the clutch drum side) to 
the stem of the fifth gear 82z5 arranged on the right side 
of the left side transfer clutch 83b. 
[0076] The first, second, third, fourth, fifth and sixth 
gears 82z1 , 82z2, 82z3, 82z4, 82z5 and 82z6 are setted 45 
to have teeth numbers z1, z2, z3, z4, z5 and z6 of 82, 
78. 86. 46. 50 and 42. respectively. With respect to the 
gear train ((z4/z1) = 0.56) of the first and fourth gears 
82z1 and 82z4, the gear train ((z5^2) = 0.64) of the sec- 
ond and fifth gears 82z2 and 82z5 is an accelerating so 
one. and the gear train ((z6/z3) =0.49) of the third and 
sixth gears 82z3 and 82z6 is a decelerating one. 
[0077] When both of the right and left side transfer 
clutches 83a and 83b are not operatively connected, 
therefore, the driving force from the drive pinion 7 Is 55 
equally distributed through the differential unit 81 be- 
tween the rear wheel left and right drive shafts 14rl and 
14rr. When the right side transfer clutch 83a is opera- 



tively connected, however, the driving force distributed 
to the rear right drive shaft 14rr is partially retumed to 
the differential case 85 through the third gear 82z3. the 
sixth gear 82z6. the right side transfer clutch 83a, the 
torque bypass shaft 90, the fourth gear 82z4 and the 
first gear 82z1 sequentially in the recited order. As a re- 
sult, the torque distribution to the left rear-wheel 15r1 is 
increased to improve the rightward tumability of the ve- 
hicle 1 for an ordinary frlctional road surface fx. 
[0078] When the left side transfer clutch 83b is oper- 
atively connected, on the contrary, the driving force 
transmifted firom the drive pinion 7 to the differential 
case 85 is partially bypassed to the rear right drive shaft 
14rr through the first gear 82z1, the fourth gear 82z4. 
the torque bypass shaft 90, the left side transfer clutch 
83b, the fifth clutch 82z5 and the second gear 82z2 se- 
quentially In the recited order so that the torque distri- 
bution to the right rear wheel 1 5rr is enlarged to improve 
the leftward tumability of the vehicle 1 for the ordinary 
frictional road surface ^. 

[0079] The right and left side transfer clutches 83a 
and 83b are connected to a transfer clutch drive unit 27 
with a hydraulic circuit having a plurality of solenoid 
valves, so that the clutches 83a and 83b are released/ 
applied with the oil pressure which is established by the 
transfer clutch drive unit 27. Moreover, control signals 
(or output signals for the individual solenoid valves) for 
driving the transfer clutch drive unit 27 are outputted 
from a left/right driving force distribution control unit 70. 
[0080] The target yaw rate yt (or the second target 
yaw rate) to be used for the left/right driving force distri- 
bution unit 70 is con-ected and setted, if necessary, by 
the control characteristics changing unit 50. A braking 
force control unit 60 is so connected that the lateral ac- 
celeration is exclusively corrected by the control char- 
acteristics changing unit 50. 

[0081] The vehicle 1 is provided with individual sen- 
sors for detecting the input parameters necessary for 
the control characteristics changing unit 50, the braking 
force control unit 60 and the left/right driving force dis- 
tribution unit 70, and is connected with other control 
units so that the necessary data are inputted thereto. 
Specifically, the wheel speeds of the individual wheels 
15fi, 16fr, 15ri and 15rr are detected by the wheel speed 
sensors 31fl, 31fr, 31ri and 31rr, and the steering angle 
OH is detected by the steering angle sensor 32. The de- 
tected values are inputted to the control characteristics 
changing unit 50, the braking force control unit 60 and 
the left/right driving force distribution unit 70. The actual 
yaw rate y is detected by the yaw rate sensor 33 and is 
inputted to the braking force control unit 60 and the left/ 
right driving force distribution-unit 70. Moreover, the ac- 
tual lateral acceleration Gy is detected by the lateral ac- 
celeration sensor 34 and is inputted to the control char- 
acteristics changing unit 50 and the left/right driving 
force distribution unit 70. The road shape (e.g., the curve 
radius Rn) is detected by the road shape recognizing 
unit 35 and is inputted to the control characteristics 
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changing unit 50. The longitudinal acceleration Gx is de- 
tected by the longitudinal acceleration sensor 36 and is 
inputted to the left/right driving force distribution unit 70. 
With the left/right driving force distribution unit 70, there 
are connected an engine control unit 37 for controlling 5 
the engine 2 generally (e.g,, controls of a fuel injection 
rate control, an ignition time and so on), and a transmis- 
sion control unit 38 for the shift control of the automatic 
transmission 3 and the transfer control of the transfer 
clutch 2 1 . Thus, to the left/right driving force distribution io 
unit 70, there are inputted: an engine output torque Te 
firom the engine control unit 37; a transmission gear ratio 
Gt from the transmission control unit 38; and a torque 
distribution ration Ctc (0 to 1) by the center differential 
unit4. ^5 
[0082] Next, the structures of the control characteris- 
tics changing unit 50, the braking force control unit 60 
and the lefl/right driving force distribution unit 70 will be 
described with reference to the functional block diagram 
of Fig. 7. 20 
[0083] The control characteristics changing unit 50 of 
the second embodiment has a similar structure to that 
of the foregoing first embodiment except that the chang- 
ing unit 50 receives the second target yaw rate yi, as 
inputted to the target yaw rate change designating unit 25 
53, from a target yaw rate setting unit 71 of the left/right 
driving force distribution unit 70, and the unit 50 outputs 
the corrected second target yaw rate Tf to a target yaw 
rate changing unit 72 of the left/right driving force distri- 
bution unit 70. The target deceleration Gxt of the target 30 
deceleration setting unit 54 is outputted to the target slip 
ratio setting unit 46 of the braking force control unit 60. 
[0084] The braking force control unit 60 determines 
the target yaw moment ^4z(t) with the deviation between 
the second target yaw rate yt and the actual yaw rate y, 3S 
and controls the braking force on the basis of the target 
yaw moment Mz (t) . The second target yaw rate yt is 
not corrected, by the control characteristics changing 
unit 50. Therefore, the target yaw rate changing unit 42 
is omitted from the structure. ^ 
[0085] Moreover, the left/right driving force distribu- 
tion unit 70 includes the target yaw rate setting unit 71, 
the target yaw rate changing unit 72, a yaw rate devia- 
tion computing unit 73, a target yaw moment setting unit 
74, a grounding load response control unit 75 and a 45 
transfer torque changing unit 76. 
[0086] Here, the target yaw rate setting unit 71, the 
target yaw rate changing unit 72, the yaw rate deviation 
computing unit 73 and the target yaw. moment setting 
unit 74 correspond to the target yaw rate setting unit 41 , so 
the target yaw rate changing unit 42, the yaw rate devi- 
ation computing unit 43 and the target yaw rate setting 
unit 44 of the braking force control unit 40 in the first 
embodiment. 

[0087] Specifically, the target yaw rate setting unit 71 55 
receives the steering angle OH from the steering angle 
sensor 32 and the wheel speeds of the four wheels 15fl, 
158fr, 15ri, 15rr from the four-wheel wheel speed sen- 



sors 31fl, 31fr, 31rl and 31rr. Then the target yaw rate 
setting unit 71 computes the second target yaw rate -yt 
on the basis of those driving conditions by the Formula 
(1) and outputs the signal to the target yaw rate chang- 
ing unit 72 and the target yaw rate designating unit 53 
of the control characteristics changing unit 50. 
[0088] In the target yaw rate changing unit72, the sec- 
ond target yaw rate yt is inputted from the target yaw 
rate setting unit 7 1 , and the corrected second target yaw 
rate yi* is inputted, if necessary, from the target yaw rate 
change designating unit 53 of the control characteristics 
changing unit 50. When the corrected second target yaw 
rate yV is inputted from the target yaw rate change des- 
ignating unit 53, the target yaw rate changing unit 72 
changes the corrected second target yaw rate yV as the 
second target yaw rate yt ^or correcting the transfer 
torque, and outputs the signal to the yaw rate deviation 
computing unit 73. 

[0089] This yaw rate deviation computing unit 73 re- 
ceives the actual yaw rate yfrom the yaw rate sensor 
33 and the second target yaw rate yi from the target yaw 
rate changing unit 72. Then, the raw rate deviation com- 
puting unit 73 computes the yaw rate deviation A y by 
the Formula (2) and outputs it to the target yaw moment 
setting unit 74. 

[0090] This target yaw moment setting unit 74 re* 
ceiyes the yaw rate deviation Ay from the yaw rate de- 
viation computing unit 73, and computes the target yaw 
moment Mz(t) by the Formula (3) and outputs the signal 
to the transfer torque changing unit 76. 
[0091] The grounding load response control unit 75 
receives the actual lateral acceleration Gy from the lat- 
eral acceleration sensor 34, the longitudinal accelera- 
tion Gx from the longitudinal acceleration sensor 36, the 
engine torque Te from the engine control unit 37, the 
transmission gear ratio Gt from the transmission control 
unit 38, and the torque distribution ratio Ctc (0 to 1) by 
the center differential unit 4. Then, the grounding load 
response control unit 75 computes a rear-wheel left/ 
right grounding load distribution Xr by the following For- 
mula (19). Moreover, the grounding load response con- 
trol unit 75 computes a transfer torque Ttrf by the follow- 
ing Formula (21) on the basis of the rear-wheel left/right 
grounding load distribution Xr, and outputs the signal to 
the transfer torque changing unit 76. 
[0092] Specifically: 

Longitudinal Load Movement A Fzx 

= (1/2) • m ' Gx • (h/L) (16) 



Rear Axle Left/Right Load Movement AFzyr 

= Ckrm|Gy|-(h/d) (17) 
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Grounding Load Fzi of Rear Axle Turning Inner Race 
= FzrO + AFzx- AFzyr (18) 



Xr = Fzi/(2 • (FzrO + AFzx)) (1 9) 

wherein: h designates the height of center of grav- 
ity; Ckr designate a roll rigidity sharing ratio (0 to 1) of 10 
the rear axle; d designates a tread; and FzrO designate 
a rear wheel load at a standstill. 

[0093] If the final gear ratio is designated by Gf, the 
total drive torque Tr of the rear axle is expressed by: 

15 

Tr = Te ■ Gt ■ (1-Ctc) • Gf (20) 
Hence, the following Formula is obtained: 

20 

Ttrf = Tr{0.5-Xr) (21) 

[0094] The transfer torque changing unit 76 receives 
the transfer torque Tlrf from the grounding load re- 25 
sponse control unit 75 and the target yaw moment Mz 
(t) from the target yaw moment setting unit 74. The 
transfer torque changing unit 76 computes a transfer 
torque correction ATtrf from the following Formula (22) 
so that the unit 26 controls the transfer clutch drive unit so 
27 with a transfer torque Ttrf (= Ttrf + ATtrO corrected. 

ATtrf =Mz(t)/(d-Rt) (22) 

35 

wherein Rt designates a tire diameter. 
[0095] Thus, in this second embodiment: the road 
shape recognizing unit 35 is constituted as a road shape 
recognizing unit; the cornering decision unit 51 as a turn- 
ing decision unit; the target yaw rate setting unit 52 as 40 
a first target yaw rate setting unit; the target yaw rate 
setting unit 71 as a second target yaw rate setting unit; 
and the target yaw rate change designating unit 53 as 
a target yaw rate correcting unit. The target yaw rate 
changing unit 72, the yaw rate deviation computing unit 45 
73. the target yaw moment setting unit 74, the grounding 
load response control unit 75 and the transfer torque 
changing unit 76 has the left/right driving force distribu- 
tion setting unit, and the target deceleration setting unit 
54 has the functions of target lateral acceleration setting so 
unit and deceleration control unit. 
[0096] Next, Fig. 8 Is a flow chart showing a control 
characteristics changing routine to be executed in the 
control characteristics changing unit 50. First of all, at 
S101, the necessary parameters are read in, and the 55 
routine advances to S102, at which the first target yaw 
rate yc based on the curve radius Rn is computed in the 
target yaw rate setting unit 52 by the Formula (12). Then, 



the routine advances to S103, at which it is decided in 
the cornering decision unit 51 whether or not the steer- 
ing angle 0H is equal to or larger than the presetted val- 
ue eHc. 

[0097] If the steering angle OH is equal to the set value 
GHc, it is decided that the driver has the cornering will, 
and the routine advances to S201. If the steering angle 
OH is smaller than the setted value 6Hc, it is decided 
that the driver does not have the will for cornering, and 
the operations leave the program. 
[0098] If the routine decides the cornering will at SI 03 
and. advances to S201. it reads the second target yaw 
rate yi based on the driving conditions computed at the 
target yaw rate setting unit 71 of the left/right driving 
force distribution unit 70, and advances to SI 05. 
[0099] At S105, the first target yaw rate yc and the 
second target yaw rate yi are compared in the absolute 
values. If the absolute value | yc | of the first target yaw 
rate 7c is larger than the absolute value 1 7t | of the sec- 
ond target yaw rate 7t, it Is decided that the operation of 
the driver shorts thereof for the actual road shape, and 
the routine advances to S106. If the absolute value | yc 
I of the first target yaw rate yc is no more than the abso- 
lute value I yi \ of the second target yaw rate yi, it is de- 
cided that the operation of the driver is enough, and the 
routine leaves the program. 

[0100] If the routine decides at 8105 that the opera- 
tion of the drivershoris thereof for the actual road shape 
and advances to SI 06, the second target yaw rate yi is 
corrected by the Formula (13) to increase/decrease to 
the first target yaw rate 7c, and the routine advances to 
S202, at which the corrected second target yaw rate yV 
is outputted to the target yaw rate changing unit 72 of 
the left/right driving force distribution unit 70. In short, 
the operations of S201 , 8105, 8106 and 8202 are done 
(performed) at the target yaw rate designating unit 53. 
[0101] After that, the routine advances to SI 08, at 
which the target lateral acceleration Gyt is computed by 
the Formula (14) on the basis of the corrected second 
target yaw rate yt', and the routine further advances to 
S109. 

[01 02] At 8 1 09, the absolute value | Gyt | of the target 
lateral acceleration Gyt and the absolute value | Gy | of 
the actual lateral acceleration Gy are comp&red. If the 
absolute value | Gyt | of the target lateral acceleration 
Gyt is larger than the absolute value | Gy | of the actual 
lateral acceleration Gy, it is decided that a sufficient con- 
trol Is not made only by the left/right driving force distri- 
bution unit 70, and the routine advances to. S1 10, at 
which the target deceleration Gxt is computed by the 
Formula (15). At 8111, this target deceleration Gxt is 
outputted to the target slip ratio setting unit 46, and the 
routine leaves the program. If it is decided at S109 that 
the absolute value | Gyt | of the target lateral accelera- 
tion Gyt is equal to or less than the absolute value | Gy 
I of the actual lateral acceleration Gy, on the other hand, 
the routine leaves the program without any further op- 
eration. In short, the operations of 8108 to 8111 are 
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done (executed) at the target deceleration setting unit 
54. 

[0103] Thus, according to the second embodiment, 
compared are the first target yaw rate yc based on the 
curve radius Rn and the second target yaw rate yt based 5 
on the driving conditions. If the absolute value | yc | of 
the first target yaw rate 7c Is larger than the absolute 
value I yt I of the second target yaw rate yi, It Is decided 
that the operation of the driver is insufficient, and the 
control is made to approach the first target yaw rate 7c. 10 
Therefore, the deviation from the lane or the road due 
to an improper operation of the driver can be prevented 
without any unnatural feeling by reflecting the intention 
of the driver to the maximum. 

[0104] At this time, the absolute value | Gyt | of the is 
target lateral acceleration Gyt and the absolute value | 
Gy I of the actual lateral acceleration Gy are compared. 
If the absolute value | ,Gyt | of the target lateral acceler- 
ation Gyt is larger than the absolute value | Gy | of the 
actual lateral acceleration Gy, It is decided that a suffi- 20 
cient control Is not made only by the left/right driving 
force distribution unit 70, and corrected is the target slip 
ratio At of the braking force control-unit 60. Therefore, 
it is possible to prevent the deviation from the lane or 
th e road due to the improper operation of the driver more 25 
reliably. 

[0105] According to the present invention, as has 
been descnbed hereinbefore, the deviation from the 
lane or the road due to the improper operation of the 
driver can be prevented without any unnatural feeling 30 
by reflecting the intention of the driver to the maximum. 
[01 06] While the presently preferred embodiments of 
the present invention have been shown and described, 
it Is to be understood that the disclosures are for the 
purpose of illustration and that various changes and 3S 
modifications may be made without departing from the 
scope of the Invention as set forth in the appended 
claims. 



Claims 

1. A vehicle behavior control apparatus comprising: 

a road shape recognizing unit for recognizing 45 

the road shape ahead of a vehicle; 

a first target yaw rate setting unit for setting a 

first target yaw rate on the basis of said road 

shape; 

a second target yaw rate setting unit for setting so 
a second target yaw rate on the basis of driving 
conditions of the vehicle; 
a target yaw rate correcting unit for correcting 
said second target yaw rate on the basis of said 
first target yaw rate; and S5 
a braking force setting unit for applying a brak- 
ing force to a selected wheel so that an actual 
yaw rate converges into the second target yaw 



rate corrected by said target yaw rate correcting 
unit. 

2. A vehicle behavior control apparatus comprising: 

a road shape recognizing unit for recognizing 

the road shape ahead of a vehicle; 

a first target yaw rate setting unit for setting a 

fii^t target yaw rate on the basis of said road 

shape; 

a second target yaw rate setting unit for setting 

a second target yaw rate on the basis of the 

driving conditions of the vehicle; 

a target yaw rate correcting unit for correcting 

said second target yaw rate on the basis of said 

first target yaw rate; and 

a driving force distribution unit for setting the 

driving force distribution to left and right wheels 

so that an actual yaw rate converges into the 

second target yaw rate corrected by said target 

yaw rate correcting unit. 

3. The apparatus according to claim 1 or 2, further 
comprising: 

a turning decision unit for deciding a turning in- 
tention if a steering angle exceeds a presetted 
value, 

wherein said target yaw rate correcting unit 
corrects said second target yaw rate gradually to- 
ward said first target yaw rate if said turning dedsion 
unit decides the turning intention. 

4. The apparatus according-to claim 1, 2 or 3, further 
comprising: 

a target lateral acceleration setting unit for set- 
ting a target lateral acceleration on the basis of 
either the second target yaw rate corrected by 
said target yaw rate correcting unit or the actual 
yaw rate; and 

a deceleration control unit for making a decel- 
eration, control if an actual lateral acceleration 
is below said target lateral acceleration. 

5. A vehicle behavior control method comprising: 

recognizing the road shape ahead of a vehicle; 
setting a first target yaw rate on the basis of said 
road shape; 

setting a second target yaw rate on the basis 
of the driving conditions of the vehicle; 
correcting said second target yaw rate on the 
basis of said first target yaw rate; and 
applying a braking force to a selected wheel so 
that an actual yaw rate converges into the cor- 
rected second target yaw rate. 
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A vehicle behavior control method comprising: 

recognizing the road shape ahead of a vehicle; 
setting a first target yaw rate on the basis of said 
road shape; ^ 
setting a second target yaw rate on the basis 
of the driving conditions of the vehicle; 
correcting said second target yaw rate on the 
basis of said first target yaw rate; and 
setting the driving force distribution to left and io 
right wheels so that an actual yaw rate converg- 
es into the corrected second target yaw rate. 

The method according to claim 5 or 6, further com- 
prising: . *5 

deciding a turning intention if a steering angle 
exceeds a presetted value, 

wherein said second target yaw rate is cor- 20 
rected gradually toward said first target yaw rate If 
the tuming intention is decided. 

The method according to claim 5, 6 or 7, furhter 
comprising: 

setting a target lateral acceleration on the basis 
of either the corrected second target yaw rate 
or the actual yaw rate; and 

making a deceleration control if an actual later- 30 
al acceleration Is below said target lateral ac- 
celeration. 
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FIG. 4 
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FIG. 5 
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FIG. 8 



S101 



( START ) 

T 



SI 02 



READ NECESSARY PARAMETERS 
I 



COMPUTE FIRST TARGET YAW RATE 
yc ON RADIUS OF CURVATURE Rn 



S103 



S201 




READ TARGET YAW RATE COMPUTED 
IN LEFT/RIGHT DRIVING FORCE 
DISTRIBUTION CONTROL UNIT, AS 
SECOND TARGET YAW RATE yt 



SI 05 



SI 06 




CORRECT SECOND TARGET YAW RATE 
yt WITH FIRST TARGET YAW RATE yc 



S202 



SI 08 



OUTPUT SECOND TARGET YAW RATE 
yt' CORRECTED TO LEFT/RIGHT DRIVING 
FOR CE DISTRIBUTION CONTROL UNIT 



COMPUTE TARGET LATERAL 
ACCELERATION Gyt ON SECOND 
TARGET YAW RATE yt' CORRECTED 



SI 09 



S110 

Sin 




COMPUTE TARGET DECELERATION Gxt 
I 



OUTPUT TARGET DECELERATION Gxt 
TO BRAKING FORCE CONTROL UNIT 



C RETURN ) 



22 



